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Thin-film Membranes for Fuel Cells 
Disclosure Summary 

Thin-film membranes for use in proton exchange membrane (PEM) fuel cells 
have been developed. Also included in the development are ways in which to 
support these films. These membranes are made through common micro- 
fabrication techniques, including spin-coating and plasma enhanced chemical 
vapor deposition (PECVD), and can have a thickness up to 20 micrometers. The 
materials include polymers, silicon dioxide, and doped silicon dioxide. PEM fuel 
cells membranes work by conducting protons from the cell anode to cathode. 
The thinner the membrane, the easier it is for protons to move through it, thus 
increasing the amount of electrical current that can be generated. Meanwhile, 
these thin-film materials are superior to currently used PEMs in preventing 
reactants from passing through the membrane, a common problem particularly in 
direct methanol fuel cells. 

One expected use of these thin-film membranes is in micro fabricated fuel cells. 
The films would be deposited directly onto the substrate during the fabrication 
sequence. One example of this is in a previous disclosure for micro fabricated 
fuel cells where the membrane is deposited onto a patterned sacrificial material, 
which when removed leaves microchannels for fuel flow. 

In other applications, the delicate nature of such a thin material requires that it be 
supported. The support structures include anything with small holes or porous 
materials, such as fritted glass or a gas diffusion layer. A filler material, such as 
wax or polymer, is used to fill in the holes. It is then polished to expose the 
support structure. The membrane is then deposited on the smooth surface. 
Removal of the filler material leaves the supported membrane with exposed 
areas for contact between the membrane and reactants. Alternately, the use of a 
filler material with a high permeability to the reactants would not require its 
removal. 

The fuel cell catalyst can be deposited with these membranes in a variety of 
methods, including through inks or sputtering. The deposition can be onto or into 
the support, in between the filler and membrane, or even imbedded into a non- 
removed filler. 

Figure 1 shows a schematic diagram of a supported membrane in its testing 
setup. Figures 2 and 3 show the polarization curve for a 3-um thick Si0 2 film 
deposited onto a gas diffusion layer with a platinum catalyst loading of 0.35 
mg/cm 2 . 
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Figure 1 : Thin-film membrane support and testing setup 
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Figure 2: Cathode (air/0 2 half cell) polarization performance 




Figure 3: Anode (2M methanol) polarization performance 



Thin-film Membranes for Fuel Cells 



The following is the first written description of using plasma-deposited Si0 2 
membranes in microfabricated fuel cells. 

The concept has been expanded to 
include other thin-film materials, including doped Si0 2 , and other fuel cell uses. 

Plasma-deposited silicon dioxide was used as an overcoat material. The 
advantage of Si0 2 membranes compared to more traditional materials is the 
thickness. Table 1.1 below shows a comparison of possible membrane materials 
for use in thin film fuel cells. Nafion has a higher conductivity, but the films used 
are much thicker than plasma-deposited Si0 2 layers that can be less than 1 um. 
This is important because the resistance (R) of the membrane is related to both 
its resistivity and thickness. R = (pt)/A, where p is resistivity, t is the thickness, 
and A is the area. Thus, an important figure of merit for comparing different 
membranes is the product pt. While Nation's resistivity is lower than the low- 
temperature-deposited Si0 2 , the thinner Si0 2 films should give similar 
resistances. 



Table 1 : Fuel cell membrane resistances 
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Thin-film Membranes for Fuel Cells 
Disclosure Summary 



Thin-film membranes for use in proton exchange membrane (PEM) fuel cells have 
been developed. Also included in the development are ways in which to support 
these films. These membranes are made through common micro-fabrication 
techniques, including spin-coating and plasma enhanced chemical vapor 
deposition (PECVD), and can have a thickness up to 20 micrometers. The 
materials include polymers, silicon dioxide, and doped silicon dioxide. The silicon 
dioxide membrane was deposited so as to have high ionic conductivity for proton 
exchange. The conditions for ionic conductivity were to have the deposition 
temperature low, such as 60°C to 200°C. PEM fuel cells membranes work by 
conducting protons from the cell anode to cathode. The thinner the membrane, 
the easier it is for protons to move through it, thus increasing the amount of 
electrical current that can be generated. Meanwhile, these thin-film materials are 
superior to currently used PEMs in preventing reactants from passing through the 
membrane, a common problem particularly in direct methanol fuel cells. 

Slides 6 and 8 c -.i shows electron beam 

crosslinking of a polymer proton exchange membrane. This is the first 
demonstration of the electron beam crosslinking. 

One expected use of these thin-film membranes is in micro fabricated fuel cells. 
The films would be deposited directly onto the substrate during the fabrication 
sequence. One example of this is in a previous disclosure for micro fabricated fuel 
cells where the membrane is deposited onto a patterned sacrificial material, which 
when removed leaves microchannels for fuel flow. 

In other applications, the delicate nature of such a thin material requires that it be 
supported. The support structures include anything with small holes or porous 
materials, such as fritted glass or a gas diffusion layer. A filler material, such as 
wax or polymer, is used to fill in the holes. It is then polished to expose the 
support structure. The membrane is then deposited on the smooth surface. 
Removal of the filler material leaves the supported membrane with exposed areas 
for contact between the membrane and reactants. Alternately, the use of a filler 
material with a high permeability to the reactants would not require its removal. 

The fuel cell catalyst can be deposited with these membranes in a variety of 
methods, including through inks or sputtering. The deposition can be onto or into 
the support, in between the filler and membrane, or even imbedded into a non- 
removed filler. 

Figure 1 shows a schematic diagram of a supported membrane in its testing setup. 
Figures 2 and 3 show the polarization curve for a 3-um thick Si0 2 film deposited 
onto a gas diffusion layer with a platinum catalyst loading of 0.35 mg/cm 2 . 
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Figure 2: Cathode (air/0 2 half cell) polarization performance 
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Figure 3: Anode (2M methanol) polarization performance 



Design Considerations 



The following characteristics are desired for thin-film membranes and membrane- 
electrode assemblies. 

Maximum exposure of membrane to fuel 

Maximum activity of catalyst with low loading 

High proton conductivity of membrane with no electrical conductivity 

High electrical conductivity of current collector 

Minimum methanol crossover through membrane, even with high concentrations of 
methanol feed 



Step-by-Step Fabrication 

To fabricate and support a thin-film membrane on a catalytic gas diffusion layer: 




Solid support structure with small holes for fuel/membrane 
contact. A mesh or porous structure may also be used. 

Cover the support with the gas diffusion layer (GDL). 

If needed, the GDL can be coated with Nafion, or similar 
material, to fill in any uneven spaces. 

Deposit thin film membrane through spin-coating or 
plasma enhanced chemical vapor deposition. 



A process sequence for integrated micro fuel cells: 



Fabricate Sensor and 
CMOS Devices 




Pattern Sacrificial Polymer for 
Microchannels 




Overcoat Microchannels with Polymer 
Electrolyte Membrane 




Dielectric Cure and Decomposition 
of Sacrificial Polymer 




